ABSTRACT In order to study the inter flow of magnetic drive pump, the total flow field of magnetic drive pump was simulated with CFD software based on SST k-ω turbulence model, and the flow fields distribution rules of cooling channel were analyzed under different working conditions. The numerical results show that the internal flow of magnetic drive pump was disorganized under small flow condition, then the inter flow becomes gradually smooth with the increase in flux, at the same time, the area with low speed near the outlet of reflow hole and the pressure of the cool circulation channel become smaller. The pressure of cooling channel gradually decreases in flow process from deflector hole to reflow hole, and the area of low pressure is easily formed near the outlet of reflow hole.
I. INTRODUCTION
The study of hydraulic design and internal flow in magnetic drive pump has become the research focus now [1] - [5] . At present, the research of scholars has focused on the design way of cooling channel, the flow characteristics inside magnetic driven pump, and flow characteristics of cooling circulation channel [6] - [10] . Zhao kezhong [11] , [12] analyzed the flow rate and pressure changes in the flow process in the cooling circulation channel of magnetic driven pump and a formula for calculating the diameter of cooling circulation channel is presented. Liu et al. [13] conducted a flow field simulation study on the cooling loop of magnetic driven pump based on fluent numerical simulation software, and pointed out that the cavitation of volatile liquid at the bottom of the isolation sleeve could be avoided by increasing the cooling flow rate. Kong et al. [14] established the design and calculation method of the cooling circulation channel of
The associate editor coordinating the review of this manuscript and approving it for publication was Lei Wang. magnetic driven pump based on the simultaneous equations of pressure drop and flow through the resistance elements. Cao weidong et al. [15] obtained the size of the backflow hole by analyzing the pressure in the pump chamber, and found that reasonable design of cooling the backflow hole can ensure that the temperature of the pump chamber stays within the normal range, and the axial force of the rotor can be balanced by adjusting the size of the ring at the front and back ports. Tong et al. [16] put forward a set for optimal design scheme of circulating volume and pore diameter, and had verified it with a design example. Tan et al. [17] discussed the design method of the cooling circulation loop of magnetic driven pump, determined the cooling circulation flow rate according to the heat balance and designed the cooling circulation loop, and compared and analyzed the distribution of internal flow field and temperature field under the two circulation modes of internal and external circulation by means of numerical simulation. The existing studies of magnetic drive pump mainly place emphasis on the separate study of pump body or cooling circulation channel, and the total flow field VOLUME 7, 2019 This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see http://creativecommons.org/licenses/by/4.0/ study in consideration of pump cavity and cooling circulation channel are rather little. The flow components of magnetic drive pump mainly include pump chamber and cooling circulating flow passage. The former are the main flow components of magnetic driving centrifugal pump, which directly determines the key technical performance indexes of magnetic driving centrifugal pump. The latter takes away the eddy current heat, friction heat and the heat generated by the friction of the magnetic driving coupling in time for cooling, which affects the safe and stable operation of the magnetic driving centrifugal pump. The internal flow of the pump includes the pump chamber and cooling circulating flow passage. The study on the internal flow characteristics of the pump is tantamount to study the flow characteristics of the pump chamber and cooling circulating flow passage. Only the simulation of the pump body or cooling passage cannot fully reflect the internal flow of the pump.
The flow characteristic of pump chamber and cooling channel based on the total flow field in magnetic drive pump was studied by combination of test and numerical calculation in this paper, then the internal flow characteristics of cooling circulation channel under different working conditions were mainly analyzed to provide some references for the design of magnetic drive pump.
II. THE METHOD OF NUMERICAL CALCULATION A. THE CALCULATION MODEL AND MESH GENERATION
The computational domains of magnetic drive pump contain the extended segment of pump inlet, impeller, volute, magnetic coupling, front pump cavity, back pump cavity, bearing clearance, deflector hole, reflow hole and the extended segment of the pump outlet. These regions of magnetic drive pump were meshed by ICEM software with hexagonal structured and tetrahedral unstructured grids. The hexagonal structured grids were used to mesh the regions of front pump cavity, back pump cavity, wear-ring clearance, and bearing clearance because of its smaller size, meanwhile the tetrahedral unstructured grids were adopted to mesh the regions of pump inlet, impeller, volute and pump outlet. The boundary layer grid was encrypted, that is, local mesh encryption was used for the regions with larger flow change and thinwalled structure to improve grid quality when the tetrahedral unstructured grids were adopted [18] , [19] . In addition, the mesh size of interface between hexagonal structured and unstructured tetrahedral grids should not differ too much, and the total grid number of magnetic drive pump was 5618310 with the grid independence check. The regions and mesh generation of magnetic drive pump were shown in Figure 1 .
B. THE SELECTION OF TURBULENCE MODEL
The commercial CFD software can provide different turbulence model for researchers to study the flow field of the pump at present. The internal flow of magnetic drive pump is a kind of complex turbulent flow, so the appropriate turbulence model should be selected for numerical calculation, and the common turbulence models in CFD software mainly include Standard k-ε model, RNG k-ε model, Standard k-ω model and SST k-ω model. The four kinds of turbulence models were adopted for the calculation of interring flow in magnetic drive pump, and the comparative results between numerical calculation and test results with different turbulence models under design condition were shown in table 1.
As we can see from Table 1 , the numerical results with Standard k-ε model, SST k-ω model are closest to the test value, and the results with Standard k-ε model and RNG k-ε model are higher than test value. Therefore, the numerical results with SST k-ω model are most suitable to the test values, which is mostly because that SST k-ω model is a mixed model of k-ω model and k-ε model, SST k-ω model adopts k-ε model for the calculation near the wall regions and uses k-ε model to handle boundary-layer edge and free shear layer, so SST k-ω model has both the reliability of k-ω model in the calculation of viscous flow near the wall region and the accuracy of k-ε model in the calculation of unrestricted flow in the far field. In addition, SST k-ω model has obvious advantages in the calculation of tip clearance flows with smaller size, and the numerical calculation of total flow field in magnetic drive pump to involve too many calculations about tip clearance flow with smaller size, so the SST k-ω model was adopted as the turbulence model in this paper.
C. THE SETTING OF NUMERICAL SIMULATION
The rotation of shaft drive the medium flow in bearing clearance, which complicates the internal flow of bearing clearance. The liquid film in bearing clearance grows up to support the rotating components in the process of pump starting period, and the flow of bearing clearance reaches dynamic equilibrium when the pump operates stable. The liquid film with eccentricity which supports the entire rotating component's needs dynamic mesh technique to describe the whole process of dynamic balance, and it requires independent numerical calculation for bearing clearance, in this case, there are too many problems to be considered in depth study because of the complexity of the flows in bearing clearance, so the three-dimensional model of bearing clearance was simplified only from the angle of bearing clearance leakage, and the bearing clearance is taken as part of the flow field of magnetic drive pump considering only the case that the eccentricity is zero.
The inlet boundary condition was set as the mass flow rate boundary condition, and the outlet boundary condition was the pressure boundary condition, then the solid wall was set as no slip walls, and automatic wall function method was adopted near the wall. The impeller was set as rotary body, then the cooling channel, front pump cavity, back pump and bearing clearance were cavity non-rotary body. The wall surfaces of cooling channel, front pump cavity, back pump cavity and bearing clearance in contact with rotating parts were set as rotating surfaces whose rotational speed was pump speed, and the wall surfaces in contact with fixing parts were stationary surfaces. The rotor-stator interactional surfaces between rotary body and non-rotary body were adopted as frozen rotor, and it plays an important role for dynamic static coupling between rotary body and non-rotary body. GGI mode of CFX software was chosen for the relation between interface grids, and the thermal model was selected to heat transfer [20] , [21] .
III. NUMERICAL RESULTS

A. THE FLOW CHARACTERISTIC STUDY OF AXIAL SECTION
The numerical studies of inter flow in magnetic drive pump under 0.6Q-1.4Q were performed in this paper, the design parameter of numerical calculation is Q = 250 m 3 /h (The flow rate of the working conditions studied in this paper is between 100-350 m 3 /h, and Q = 250m 3 /h is selected as the reference value to facilitate the description and comparative analysis of various working conditions). In order to reflect the internal flow state more realistically, the influence of cooling circulation channel and the front and back pumped cavity of the magnetic driving centrifugal pump should be considered in the calculation process. Therefore, 3d full-flow fields modeling and numerical calculation of the full-flow field were carried out in this paper in the numerical calculation process. The numerical results are shown as follows.
1) THE VELOCITY DISTRIBUTION OF MAGNETIC DRIVE PUMP UNDER DIFFERENT CONDITIONS
The velocity distribution of magnetic drive pump under different conditions was shown in Figure 2 . As can be seen from Figure 2 , the pressure energy of impeller channel increases and the medium velocity of the impeller channel goes up in the direction of the outlet along the impeller channel as a result of the rotation of the impeller. A part of medium in volute flows into cooling channel through deflector hole, and the medium entering the cooling channel is divided into two parts, one part flows through the clearance between inner magnetic rotor of magnetic coupling and isolation sleeve and takes away the eddy current heat generated in the isolation sleeve, and finally flows into the inlet of impeller via reflow hole, then the other part flows into back pump cavity along bearing clearance, and enters into the low pressure area of the impeller via balance pipe. The velocity of deflector hole, reflow hole and the isolation sleeve clearance are larger, and there is a small area with low speed near the outlet of reflow hole, it is because that the medium of reflow hole has a crash with the medium of pump inlet which have opposite flow directions. As we can see from Figure 2 (a), the internal flow of a magnetic drive pump is more disorganized under 0.6Q, and it becomes gradually smooth with the increasing of flux.
2) THE PRESSURE DISTRIBUTION OF MAGNETIC DRIVE PUMP UNDER DIFFERENT WORKING CONDITIONS
The pressure distribution of magnetic drive pump under different conditions was shown in Figure 3 . As can be seen from Figure 3 , the pressure of medium gradually becomes larger in the process of flowing into volute from the impeller, and the pressure of cooling channel gradually decreases because of flow resistance and energy loss during the flow process from deflector hole, clearance of isolation sleeve and reflow hole to the inlet of impeller. There is an area with low pressure in impeller under 0.6Q, and the area decreases first and then increases with the increasing in flux, this is mostly because that the region nears the impeller inlet is easy to form a low pressure area on account of unstable flow phenomenon including the backflow, vortex and secondary flow under 0.6Q. Besides, the pressure of cooling channel decreases gradually with the increasing of flux, this is mainly because that the decrease of volute leads to the decrease of cooling channel with the increase in flux, which is in line with the running law of the pump.
B. THE INTERNAL FLOW CHARACTERISTIC STUDY IN MAGNETIC DRIVE PUMP 1) THE FLOW CHARACTERISTIC STUDY IN IMPELLER CHANNEL
Impeller is one of the key components of centrifugal pump. The flow of medium in impeller channel directly affects the performance of pump. Therefore, in order to ensure the hydraulic design effect and performance of magnetic drove centrifugal pump, it's necessary to study the flow characteristics of medium in the rotating blade channel.
a: THE STREAMLINE DISTRIBUTION IN IMPELLER CHANNEL WITH DIFFERENT FLOW RATE
The streamline distribution in the impeller channel with different flow rate is shown in Figure 4 . It can be seen from Figure 4 that the medium flow in the impeller channel is extremely disordered under the condition of small flow, and vortices appear. Especially at 0.4Q, the vortex blocks the flow channel and seriously affects the medium flow in the impeller channel. With the increase in the flow rate, the medium flow in the impeller channel gradually becomes stable and the vortex phenomenon gradually disappears. Under design conditions, the flow of medium in the impeller channel is the most stable. Under large flow conditions, a high-speed area appears near the outlet of the impeller channel. With the increase in flow, the area of the high-speed area increases gradually.
b: THE VELOCITY DISTRIBUTION OF FLOW FIELD IN IMPELLER CHANNEL WITH DIFFERENT FLOW RATE
The velocity distribution of flow field in impeller channel with different flow rate is shown in Figure 5 . As can be seen from Figure 5 , when the medium flows through the impeller channel, the velocity increases gradually along the outlet direction of the impeller channel, and low-speed regions tend to appear on the back of the blade in the middle of the impeller channel. As the flow increases, the range of lowspeed regions on the back of the blade increases gradually. The blade working face near the outlet of impeller channel is prone to produce high-speed area. With the increase in flow rate, the range and speed of the high-speed area become larger obviously. In a single impeller channel, the relative velocity of the blade working face is greater than that of the blade back, because the liquid in the impeller channel of the pump will generate an axial vortex flow under the action of inertia. This vortex is opposite to the liquid velocity on the working face, and the same as the liquid velocity on the back.
Under the condition of small flow rate, low-speed area is easily formed near the blade working face. The smaller the flow rate is, the larger the area of low-speed area will be. As the flow rate increases, the area of low-speed area will gradually decrease. According to the analysis in Figure 4 , the low-speed region is mainly caused by the vortex. Under the design condition, the velocity distribution of flow field is reasonable. Under the condition of large flow rate, the area near the blade working face at the outlet of the impeller channel is prone to generate a high-speed area. With the increase in flow rate, the scope of the high-speed area increases gradually.
c: THE PRESSURE DISTRIBUTION OF FLOW FIELD IN IMPELLER CHANNEL WITH DIFFERENT FLOW RATE
The pressure distribution of flow field in impeller channel with different flow rate be observed in Figure. 6. As can be seen from Figure 6 , in the impeller channel, the pressure increases gradually along the outlet direction of the impeller and reaches the maximum value at the outlet position of the impeller, forming a high pressure area. As the flow increases gradually, the range of the high pressure area at the outlet of the impeller decreases gradually. Under the condition of the same circumferential radius, the pressure on the working surface of the blade is greater than that on the back of the blade.
Due to the role of the axial vortex in the impeller channel, the pressure difference between the working face of the blade and the back side leads to the backflow of the medium in the impeller channel, affecting the efficiency of the pump. The pressure difference at the inlet of the impeller channel is small, and the pressure difference at the outlet is large. This phenomenon is more obvious when the impeller runs away from the design condition point. The pressure nears the impeller inlet is low, forming a low pressure area. According to the occurrence mechanism of cavitation [22] , [23] , this area is prone to cavitation and other phenomena. The working fluid in the pump is water, the temperature is about 25 • C, the minimum pressure in the impeller channel is 193.6kPa, and the minimum pressure at the impeller outlet is 165.3kPa, cavitation will not occur. With the increase in flow, the range of the low pressure area at the impeller inlet increases gradually. The high pressure area at the impeller outlet and the low pressure area at the impeller inlet are unevenly distributed when the impeller operates on low flow and high flow conditions. When the operating conditions are close to the design conditions, the pressure distribution in the impeller channel is uniform, and the pressure variation in a single channel is basically similar, which meets the design requirements of the pump. 
d: THE DISTRIBUTION OF TURBULENT KINETIC ENERGY IN IMPELLER CHANNEL WITH DIFFERENT FLOW RATE
Turbulent kinetic energy is a physical quantity that represents the intensity of turbulence. The greater the turbulent kinetic energy is, the stronger the internal turbulence is, and the more energy loss occurs when the fluid comes into being secondary flows, reflux, and flow separation. The distribution of turbulent kinetic energy in impeller channel with different flow rate is shown in Figure 7 . As can be seen from Figure 7 , in a single impeller channel, the turbulent kinetic energy near the working face of the blade is low, while that near the back of the blade is high. A region with low turbulent kinetic energy is formed in the middle of the impeller channel. In the same radius, the turbulent kinetic energy decreases gradually along the direction from the back of the blade to the working surface of the blade.
The change of turbulent kinetic energy in the impeller channel is obvious and the hydraulic loss is large, which is mainly due to the serious phenomenon of reflux and vortex under the condition of small flow and the high energy consumption. As the flow rate increases, the medium flow in the impeller channel gradually tends to be stable, the average value of the turbulent kinetic energy in the impeller channel increases, and the distribution of the turbulent kinetic energy is more uniform. Therefore, under design conditions and large flow conditions, the turbulent kinetic energy in the impeller passage presents a symmetrical distribution along the circumference direction of the impeller.
2) THE FLOW CHARACTERISTIC STUDY IN THE FLOW CHANNEL OF PRESSURIZED WATER CHAMBER
The pressurized water chamber is the energy collection device of the centrifugal pump. The hydraulic design of the pressurized water chamber is directly related to the success or failure of the design of the centrifugal pump. Therefore, in order to more accurately study the performance of the magnetic driven centrifugal pump, it is necessary to conduct further research on the medium flow rule in the pressurized water chamber of the magnetic driven centrifugal pump. 
a: THE VELOCITY DISTRIBUTION IN THE FLOW CHANNEL OF PRESSURIZED WATER CHAMBER WITH DIFFERENT FLOW RATE
The velocity distribution in the flow channel of pressurized water chamber with different flow rate is shown in Figure 8 . As can be seen from Figure 8 , the velocity distribution in the pressurized water chamber is not uniform, and the medium velocity decreases gradually along the axial direction. At the outlet of the flow channel of pressurized water chamber near the baffle tongue, the medium velocity is the lowest, which is easy to form a low-speed area. The pressurized water chamber is mainly responsible for collecting the medium that flows out of the impeller and sending it to the outlet or the next impeller. After the medium flows out of the impeller at a high speed, the pressurized water chamber converts the kinetic energy corresponding to the circular velocity of the high-speed flowing medium into pressure energy.
In small flow condition, the impeller conveying function has not fully played, the medium flow in the runner is not stable, lead to uneven distribution of the speed of the pressurized water chamber circumferential direction, forming a high speed region, near every tongue and pressurized water chamber near the nozzle change of velocity gradient is bigger, increased the area of the low speed region near the exit, with the increase in the flow rate, pressure water chamber uniform velocity distribution of circumferential direction gradually, the pressurized water chamber exit in the area of low speed gradually reduce and disappear. When running nears the design condition, the velocity distribution in the flow passage of the pressurized water chamber is the most uniform, which also indicates that the hydraulic design of the impeller in this paper is relatively reasonable. As the flow rate continues to increase, the low-speed zone near the outlet of the flow channel of pressurized water chamber reappears. The larger the flow rate is, the larger the area of the low-speed zone will be. 
b: THE PRESSURE DISTRIBUTION IN THE FLOW CHANNEL OF PRESSURIZED WATER CHAMBER WITH DIFFERENT FLOW RATE
The pressure distribution in the flow channel of pressurized water chamber with different flow rate is shown in Figure 9 . As can be seen from Figure 9 , the pressure distribution in the flow passage of the pressurized water chamber is not uniform, and the pressure gradually increases along the circumference. The pressure at the outlet of the flow passage of the pressurized water chamber is the highest. Under the condition of small flow rate, the high-pressure area at the outlet of the pressurized water chamber is the largest, the pressure distribution on the base circle of the pressurized water chamber is uneven. The pressure on the base circle near the outlet of the pressurized water chamber is small. As the flow rate increases, the pressure value and distribution ranged from the high-pressure region gradually decreases, the pressure distribution in the flow passage of the pressurized water chamber decreases, and the pressure distribution near the circumference of the pressurized water chamber base gradually becomes uniform, which is consistent with the operation law of the pump. The pressure gradient of the medium near the tongue of the pressurized water chamber is large, which is due to the large dynamic and static interference between the tongue and the impeller, resulting in a large energy loss of the medium near the tongue. 
c: THE DISTRIBUTION OF TURBULENT KINETIC ENERGY IN THE FLOW CHANNEL OF PRESSURIZED WATER CHAMBER WITH DIFFERENT FLOW RATE
The distribution of turbulent kinetic energy in the flow channel of pressurized water chamber with different flow rate is shown in Figure 10 . As can be seen from Figure 10 , the distribution of turbulent kinetic energy in the pressurized water chamber passage is not uniform. The junction of the pressurized water chamber passage and the impeller passage has larger turbulent kinetic energy, while the outlet of the pressurized water chamber passage has smaller turbulent kinetic energy. Under the condition of small flow rate, the medium flow is extremely unstable, the rodynamic and static interference near the tongue is more intense, and the energy loss is larger, resulting in a larger value of turbulent kinetic energy near the tongue. With the increase in the flow rate, the turbulent kinetic energy in the flow passage of the pressurized water chamber becomes smaller, and the distribution is more uniform.
When running under design conditions, the distribution of turbulent kinetic energy in the flow passage of the pressurized water chamber is the most uniform and the energy loss is the least, which meets the design requirements of the pump. Under the condition of large flow rate, the turbulent kinetic energy in a small range at the junction of impeller passage and pressurized water chamber passage is too large. In addition, with the increase in the flow rate, the distribution of turbulent kinetic energy at the outlet of the pressurized water chamber passage increases gradually. Based on the above analysis, it can be seen that the hydraulic design of the pressurized water chamber is reasonable with stable operation, small turbulent kinetic energy and small energy loss under the design conditions. In the circumferential circle of the base of the pressurized water chamber, the turbulent kinetic energy is locally concentrated and circumferential distributed symmetrically, and the number of turbulent kinetic energy is the same as that of the impeller. It is because the medium is thrown out of the impeller passage of high speed and collides with the medium in the pressurized water chamber, resulting in obvious changes in the turbulent kinetic energy in this region. 
C. THE FLOW CHARACTERISTIC STUDY OF COOLING CHANNEL 1) THE PRESSURE DISTRIBUTION OF COOLING CHANNEL UNDER DIFFERENT CONDITIONS
The pressure distribution of cooling channel under different conditions is shown in Figure 11 . As we can see from Figure 11 , the medium is introduced from high pressure area of magnetic drive pump by deflector hole, and flows into the low pressure area of impeller inlet through cooling channel and reflow hole, which takes away timely the eddy current heat of isolation sleeve to ensure the safe and stable operation of magnetic drive coupling. The pressure of medium reduces gradually in the flow process of cooling channel, and the pressure near the outlet of reflow hole is minimal, which is owing to there will be a certain flow resistance and energy loss in the process that the medium flows through deflector hole, clearance of isolation sleeve and reflow hole. The average pressure of cooling channel is higher under 0.6Q, and it reduces gradually with the increase in flux. There is an area with low pressure near the outlet of reflow hole, and the area increases with the increasing of flux. 
2) THE STREAMLINE AND TURBULENCE ENERGY DISTRIBUTIONS OF COOLING CHANNEL UNDER DESIGN CONDITION
The streamline and turbulence energy distributions of cooling channel under different conditions are shown in Figure 12 . As can be seen from Figure 12 , there is a sudden contraction of the velocity vector in the inlet of deflector hole, and the flow direction are forced to change sharply in this area which brings about the crash of fluid particles and generates vortexes, secondary flow and flow separation, then it finally resulted in the increase in turbulence energy and energy loss. The flow nears the outlet of deflector hole appears sudden diffusion, and the sudden diffusion also brings about the crash of fluid particles and energy loss, which happens to be explained by the vortex in the outlet of deflector hole at Figure 5 (a) and the turbulence energy distribution in the outlet of deflector hole at Figure 5 (b) . In addition, as can be known from Figure 5 , the inlet of the reflow hole presents a sudden contraction whose energy loss mechanism and flow mechanism are similar to the inlet of deflector hole, and the sharp change of flow direction and flow condition near the inlet of the reflow hole leads to the flow disorder of this area, which is easy to impact the bottom of the isolating sleeve and reduces the working life of isolation sleeve.
3) THE VELOCITY DISTRIBUTION OF COOLING CHANNEL UNDER DIFFERENT CONDITIONS
The velocity distribution of cooling channel under different conditions is shown in Figure 13 . As can be seen from Figure 13 , the deflector hole, clearance of isolation sleeve and reflow hole have high velocity, and the velocity of deflector hole is maximum, this is mainly because there is a pressure loss in cooling channel and it generates a pressure difference in both ends of cooling channel which drives medium flow with high speed. The velocity of deflector hole is higher under 0.6 Q and it decreases gradually with the increase in flux, which is because that the decrease in pressure distribution of volute with the increase in flux results in the decrease in pressure difference in both ends of cooling channel, so the velocity of deflector hole decreases with the increase in flux.
4) THE FLOW CHARACTERISTIC STUDY NEAR THE OUTLET OF DEFLECTOR HOLE UNDER DESIGN CONDITION
The flow characteristic study near the outlet of deflector hole under design condition is shown in Figure 14 . As we can see from Figure 14 , there is an area with low speed near the outlet of reflow hole. From the analysis of Figure 2 , it is because the flow direction of the medium flowing out of the backflow hole is opposite to that of the medium flowing in the pump inlet pipe, two streams of liquid collide near the outlet of the backflow hole. As can be seen from Figure 14 (a) and Figure 14 (b) , the vortex is formed because of the crash near the outlet of reflow increases the energy loss of this area and deteriorates the flow condition of impeller inlet, which is also can be explained by the velocity and turbulence energy distribution from Figure 14 (c) and Figure 14 (d) . The pressure nears the outlet of reflow is higher than the inlet of pump, and the area with higher pressure coincides with the area with low speed. 
5) THE TEMPERATURE AND PRESSURE DISTRIBUTION NEAR THE OUTLET OF REFLOW HOLE UNDER DESIGN CONDITION
The temperature and pressure distribution near the outlet of reflow hole under design condition are shown in Figure15. As we can see from Figure 15 , the medium appears temperature gradient distribution near the outlet of reflow, and the temperature decreases outward along circumferential direction. The pressure of reflow hole decreases gradually along the outlet of reflow hole and its outlet is just located in the low pressure area of impeller, according to the mechanism of cavitation [12] , [13] , the cavitation is very easy to occur in this area, and the cavitation will impact the normal flow near the impeller inlet and the efficiency of magnetic drive pump. The working medium in the reflux hole is water. The minimum temperature at the outlet of the reflux hole is 298.03 k, and the minimum pressure is 183.28 kPa, which is much higher than the evaporation pressure, so cavitation will not occur in the design condition.
IV. THE EXPERIMENTAL VERIFICATION OF EXTERNAL CHARACTERISTIC A. THE EXPERIMENTAL FACILITY
The external characteristic experiment of the magnetic drive pump was done with the open centrifugal pump test bench, and the test was carried out according to GB/T3216-2005
Rotodynamic pumps-Hydraulic performance acceptance tests-Grades 1,2 and 3 . The magnetic drive pump prototype and assembly drawing are shown in Figure 16 .
The principle of the open centrifugal pump test bench is shown in Figure 17 . The rated speed of the motor used in the experiment is n = 1450 r/min, the impeller inlet diameter of the pump is 65 mm, and the impeller outlet diameter is 40 mm. 
B. THE EXPERIMENTAL RESULTS
The comparison between numerical simulation and experiment results of magnetic drive pump was shown in Figure 18 . As we can see from Figure 18 , the numerical simulation of delivery lift is 36.03 m, and its test value is 36.30 m, so the test results of delivery lift make a good match with the numerical simulation and the error is less than 1%. The numerical simulation of efficiency is 78.2%, and its test value is 71.5%, so the calculation value of efficiency is a very different little from the test value and its error reaches to 6.7%, this is mainly because only hydraulic efficiency, volumetric efficiency, and transmission efficiency were considered during the numerical simulation of efficiency and the mechanical efficiency was neglected, so the numerical simulation of efficiency is larger, but the numerical simulation of efficiency and experiment results has the same variation trend. According to the experimental curve and numerical simulation curve of external characteristics of magnetic drive pump, the head value of magnetic drive pump is 36.05m when operating at 1.05Q condition, which meets the design requirements and has higher efficiency than the design condition. Therefore, the performance of magnetic drive pump is optimal when operating at 1.05Q condition. Above the analysis shows that the design of magnetic drive pump is reasonable and the range of high efficiency is wide, and meets the design requirements of the pump. The high accordance between test results and the numerical simulation shows the reliability of numerical computation method, so the results of numerical simulation can really reflect the flow law inside magnetic drive pump.
V. CONCLUSION
(1) The pressure of medium reduces gradually in the flow process of cooling channel, and a section of low pressure area is formed near the outlet of reflow hole. The internal flow of magnetic drive pump is more turbulent under small flow condition, and it becomes stable with the increase in flux. The area of the low pressure area at the outlet of the reflux hole and the pressure value in the cooling circulation channels decreases gradually.
(2) The velocity and pressure of cooling channel are higher under small flow condition, and it gradually decreases with the increase in flux, and there is an area with low speed which is due to the crash between the medium of reflow hole and inlet of pump with opposite flow directions.
(3) The external characteristic experiment of magnetic drive pump was carried out, found that the experimental results and the numerical calculation results are in good agreement. On the one hand, it verifies that the hydraulic design of magnetic drive pump in this paper is reasonable and meets the requirements of the design of the pump. On the other hand, the numerical calculation method was verified has high reliability, and can accurately reflect the flow law of magnetic drive pump.
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